Hypertonic-hyperoncotic saline differentially affects healthy and glutamate-injured primary rat hippocampal neurons and cerebral astrocytes.
Hypertonic-hyperoncotic saline solutions (HHS) have been used for small-volume resuscitation and to treat intracranial hypertension and cerebral edema in neurocritical care. Little is known on the response of brain cells to direct exposure in HHS, which may occur in blood-brain barrier disruption. We studied the effects of HHS on healthy and glutamate-injured brain cells in vitro. To model a hypertonic-hyperoncotic environment, rat hippocampal neurons and cerebral astrocytes were exposed to hypertonic saline and hydroxyethyl starch (HES) added to medium for 15 minutes (final osmolarity: 350 mOsm/L in the neuronal, 373 mOsm/L in the glial medium; 2.5 mg/mL HES in both media). To simulate excitotoxicity, cells were exposed to 100 microM glutamate for 8 minutes before exposure to HHS. Cell viability was analyzed by morphology and vital dye staining; intracellular water space (WS) and glucose use were measured by scintillation spectrometry using 3-O-methyl[14C]-D-glucose and [3H]2-deoxy-D-glucose ([3H]2-DG). After 24 hours, exposure to HHS added to medium caused a 30% reduction in viability of healthy neurons (P < .05), but did not exacerbate the glutamate-induced 50% decrease in neuronal survival. One hundred percent astrocyte viability remained unchanged. The WS of astrocytes and surviving neurons was negligibly altered. Exposure to HHS added to medium caused a 35% reduction in [3H]2-DG in healthy and glutamate-injured neurons (P < .05), but did not affect [3H]2-DG in astrocytes. Our data show that HHS may potentially injure hippocampal neurons. Preserved WS values imply that live cells maintained volume regulation capabilities, indicating a lack of dehydration 24 hours after exposure to HHS. Impaired glucose use predisposes neurons to disturbed metabolism, which may influence neuronal outcome after brain injury.